[image: image1]A national survey of individualized pharmaceutical care practice in Chinese hospitals in 2019

		ORIGINAL RESEARCH
published: 02 March 2023
doi: 10.3389/fphar.2023.1022134


[image: image2]
A national survey of individualized pharmaceutical care practice in Chinese hospitals in 2019
Mingyuan Cai1,2†, Liang Zhou3†, Daihui Gao1, Dan Mei1, Bo Zhang1, Wei Zuo1* and Qing Yan3*
1State Key Laboratory of Complex Severe and Rare Diseases, Department of Pharmacy, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College Hospital, Beijing, China
2Xiangya School of Pharmaceutical Sciences, Central South University, Changsha, China
3National Institute of Hospital Administration, Beijing, China
Edited by:
Yuki Kondo, Kumamoto University, Japan
Reviewed by:
Daisy Volmer, University of Tartu, Estonia
Mohammad Nusair, Nova Southeastern University, United States
Damian Swieczkowski, Medical University of Gdansk, Poland
* Correspondence: Wei Zuo, eileenzuo@163.com; Qing Yan, qingyannhc@163.com
†These authors contributed equally to this work and share first authorship
Specialty section: This article was submitted to Drugs Outcomes Research and Policies, a section of the journal Frontiers in Pharmacology
Received: 18 August 2022
Accepted: 15 February 2023
Published: 02 March 2023
Citation: Cai M, Zhou L, Gao D, Mei D, Zhang B, Zuo W and Yan Q (2023) A national survey of individualized pharmaceutical care practice in Chinese hospitals in 2019. Front. Pharmacol. 14:1022134. doi: 10.3389/fphar.2023.1022134

Background: Individualized pharmaceutical care, which consists of therapeutic drug monitoring (TDM), pharmacogenetic (PGx) testing and pharmacist-managed clinic (PMC), is one of the most important trends in clinical pharmacy development in the future. While relevant studies in China were primarily single-center or regional. This study aims to explore the current status of individualized pharmaceutical care in China, find out the existing problems and provide references for its further development.
Methods: An electronic questionnaire was used and national hospitals’ pharmaceutical administration data from January to December 2019 were collected. The data were sorted into Excel for further statistical analysis. All analyses were descriptive.
Results: The proportions of hospitals that performed TDM and PGx testing were 12.83% and 9.48%, respectively. The major responsible departments were the clinical laboratory and pharmacy department. External quality control was carried out in around 70% of hospitals for both TDM and PGx testing. More than half of hospitals provided TDM services for valproate sodium, digoxin, carbamazepine, vancomycin and cyclosporine. And an average of 6.84 drugs were performed TDM in 540 hospitals. Clopidogrel and warfarin were the top two drugs that performed PGx testing. As for the PMC, 10.03% of hospitals opened PMC, of which 60.00% had independent PMC. Approximately 80% of PMC services were free of charge.
Conclusion: The development of individualized pharmaceutical care in China is still in the early stage. Different sectors have to coalesce to promote its implementation, including the appropriate education, coverage, reimbursement policies, high-quality evidence, data systems, health system processes and health policies, etc.
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1 INTRODUCTION
Considerable attention has been paid to “precision medicine” in recent years. It refers to treatments using individuals’ genetic, biomarker, phenotypic, or psychosocial characteristics to distinguish a specific patient from others with similar clinical manifestations (Jameson and Longo, 2015). Individualized pharmaceutical care is a component of precision medicine that mainly aims at individualized pharmacotherapy. Therapeutic drug monitoring (TDM) and pharmacogenetic (PGx) testing are two essential approaches to making scientific drug regimens based on individual differences among patients. Meanwhile, opening a pharmacist-managed clinic (PMC), or a medication therapy management clinic (MTMC) is another significant step toward giving patients individualized pharmaceutical treatment. The implementation of TDM, PGx testing and PMC are all important references to evaluate the quality of individualized pharmaceutical care.
Having an overall grasp of individualized pharmaceutical care is conducive to identifying the existing problems and better promoting its further development. However, many recent studies concerning TDM, PGx or PMC in China were single-center or regional in nature (Zhang C. et al., 2021; Zhang J. et al., 2021; Liu et al., 2021). Some studies have explored healthcare providers’ and researchers’ understanding of PGx and factors that hindered the PGx clinical application (Guo et al., 2021), but the overall situation of individualized pharmaceutical care in China (including the implementation rate, responsible departments, the conduction of quality control and so on) is still unknown. We thus perform this national questionnaire survey regarding TDM, PGx and PMC in clinical practice to comprehensively know about the current situation of individualized pharmaceutical care in China and raise potential solutions to existing problems, hoping to promote the long-term, healthy growth of this field.
2 MATERIALS AND METHODS
2.1 Data collection
This study was nested within a nationwide survey, undertaken by the National Institute of Hospital Administration to collect data on pharmaceutical administration and quality control in medical institutions. Chinese hospitals are rated in 3 grades based on a series of indicators (hospital scale, research capabilities, medical facilities, etc.). The top grade among these is the tertiary hospital. Given the difficulty of collecting data from grade-I hospitals, our target hospitals were confined to secondary and above general hospitals, and the ownership had no limitation (Figure 1 introduced the grade, ownership and type of hospitals in China). Heads of medical affairs departments in these hospitals were requested to register and log on to the accompanying website National Clinical Improvement System (National Clinical Improvement System, 2019) to fill out questionnaires concerning pharmaceutical administration, including individualized pharmaceuticals care. The guideline for data collection was provided in (Supplementary material S1). The collected data ranged from January 2019 to December 2019. To ensure the accuracy and reliability of the data, each hospital was requested to designate a responsible person to check the reported data. Additionally, the questionnaire’s data quality will serve as a benchmark for hospital evaluation and key specialty settings. This survey was approved and organized by the National Institute of Hospital Administration in the national layer and was approved by the Ethical Committee of the Peking Union Medical College and Chinese Academy of Medical Sciences (Beijing, China).
[image: Figure 1]FIGURE 1 | The grade, ownership and type of hospitals in China, Grade of hospitals: According to the Hospital Grading Management Standard, Chinese hospitals are divided into 3 grades, i.e., tertiary, secondary and grade-I hospitals, based on a series of indicators (hospital scale, research capabilities, medical facilities, etc.). Among these grades, the tertiary hospital is the premier. Ownership of hospitals: Public hospitals are hospitals funded by the country and taken into the government’s financial budget. Being the mainstay of Chinese medical service system, public hospitals are directly managed by local health authorities, emphasizing public welfare. Private hospitals refer to health institutions funded by societies and dominated by for-profit institutions. The establishment of private hospitals must be approved by local health authorities. Type of hospitals: includes general and specialized hospitals.
2.2 Questionnaire development
The questionnaire was designed by experts from the National Institute of Hospital Administration, covering a wide range of items concerning pharmaceutical management and quality control. Two rounds of Delphi survey through online questionnaire were conducted and 105 expert opinions were collected in total. The survey was modified based on the results of expert opinions. A consensus was reached after an experts’ face-to-face discussion. In this paper, we focus on items related to individualized pharmaceutical care. Concerning questions were excerpt from the questionnaire of Medical Quality Management and Control in 2019 (Supplementary material S2). These questions can be divided into five parts, (1) basic hospital information; (2) TDM implementation situation; (3) PGx testing implementation situation; (4) the situation of PMC and (5) supplementary information. Explanations for specific notions (such as PGx testing) have been given in the questionnaire and the hotline was available for any inquiries.
2.3 Data analyses
The data collected from the network survey was sorted into Microsoft Excel 2016 for further statistical analysis and chart drawing. We analyzed the data as a single cohort or stratified by grade and ownership of hospitals. Indexes analyzed in our survey were summarized in Table 1. The indices of hospitals with TDM/PGx/PMC and the conduction of external quality control were analyzed by percentage. On account of the indexes of drugs (or genes) tested in TDM and PGx testing services, the content filled in by different hospitals varies greatly because of the fill-in-the-blank form, adding difficulties for further analysis. To make data standardized for further analysis, we first sorted out hospitals with valid information, then extracted the data according to the kind of drugs (or genes) and counted the total number of drugs (or genes) for each hospital. In the specific analysis, we excluded hospitals in which data was missing or deviated from reality. All of our analyses were descriptive.
TABLE 1 | Indexes analyzed in our survey.
[image: Table 1]3 RESULTS
Overall, we delivered electronic questionnaires to 4 750 hospitals nationwide, and the total numbers of respondents were 4 637 for TDM, 4 640 for PGx and 4 638 for PMC, respectively.
3.1 Status of therapeutic drug monitoring
3.1.1 Hospitals with TDM
In total, 4 637 hospitals with valid data were included in this item. Of these, 595 (12.83%) hospitals carried out TDM service, the number and percentage of hospitals with TDM classified by grade and ownership were shown in Table 2. The percentage of hospitals with TMD ranged from 35.28% (in tertiary public hospitals) to 1.70% (in secondary private hospitals), which indicated that the clinic implementation of TDM was not widespread throughout the country. The percentage of tertiary hospitals with TDM was higher than secondary hospitals, and the public was higher than private.
TABLE 2 | The percentage of hospitals with TMD, PGx testing and PMC.
[image: Table 2]3.1.2 Responsible department
As for the department in charge of TDM service, three of the 595 hospitals that carried out TDM were excluded from further analyses for data deficiency. As shown in Figure 2, the major departments in charge of TDM were the clinical laboratory and pharmacy department. TDM was conducted independently by the clinical laboratory in 221 hospitals (37.33%), followed by the pharmacy department in 207 hospitals (34.97%).
[image: Figure 2]FIGURE 2 | The proportion of different departments in charge of TDM and PGx testing.
3.1.3 External quality control for TDM
External quality control (EQC), also called external quality assessment (EQA), is a crucial part of clinical laboratory quality management. It is organized by the Clinical Laboratory Center (or Reference Laboratory) under the leadership of the Health Department, to ensure the reliability of the testing results in hospital laboratories. The reference laboratory delivers quality control samples to hospital laboratories and requires them to report the testing results in a limited time. Then the reference laboratory will analyze the submitted results to find out existing problems, eventually improving the testing abilities in hospital laboratories. Of 595 hospitals that provided TDM service, 412 (69.24%) conducted external quality control (EQC) for TDM. Then we stratified the hospitals by grade and ownership. It showed that the proportions in tertiary public, secondary public, tertiary private and secondary private hospitals were 73.04% (344/471), 57.29% (55/96), 56.25% (9/16) and 33.33% (4/12), respectively.
3.1.4 Drugs tested
Of 595 hospitals, only 540 offered valid information about specific drugs carried out TDM. We firstly sorted out all kinds of drugs for TDM from the provided information and then counted the total number of drugs for each hospital. As shown in Figure 3, more than half of hospitals provided TDM services for valproate sodium, digoxin, carbamazepine, vancomycin and cyclosporine. And an average of 6.84 drugs were performed TDM in 540 hospitals. After we stratified these hospitals by grade and ownership, it revealed that tertiary public hospitals performed 7.43 drugs for TDM on average, which was the highest among these four types of hospitals (Table 3).
[image: Figure 3]FIGURE 3 | The percentage of drugs performed TDM in 540 hospitals.
TABLE 3 | Drugs performed TDM on average in 540 hospitals.
[image: Table 3]3.2 Status of pharmacogenetic testing
3.2.1 Hospitals with PGx testing
Of 4 640 hospitals with available data, 440 (9.48%) implemented PGx testing. Table 2 showed the number and proportion of hospitals with PGx testing stratified by grade and ownership. It also presented that the proportion of tertiary hospitals with PGx testing was higher than that of secondary hospitals. Furthermore, the proportion was higher in public hospitals than that in private hospitals.
3.2.2 Responsible department
After excluding four hospitals with missing data of this index, the number of hospitals with valid data was 436. Of these, PGx testing in 168 hospitals was undertaken by the pharmacy department, accounting for the largest proportion (38.53%), followed by multi-department in 102 (23.39%) hospitals (Figure 2).
3.2.3 EQC for PGx testing
Among the 440 hospitals with PGx testing, 309 (70.23%) conducted EQC for PGx testing. And the proportions in tertiary public, secondary public, tertiary private and secondary private hospitals were 72.00% (260/361), 66.07% (37/56), 58.33% (7/12) and 45.45% (5/11), respectively.
3.2.4 Drugs and genes tested
Most hospitals filled this index with drugs and/or genes, but a few hospitals filled it with disease or irrelevant information, making it impossible to determine whether a specific drug performed PGx testing in those hospitals. We therefore excluded these hospitals to ensure the accuracy of our results. Ultimately, a total of 368 hospitals were included. As shown in Figure 4, we ranked drugs and genes by the number of hospitals offering PGx testing for them. Clopidogrel, warfarin, statins, folic acid and aspirin were the top five drugs that performed PGx testing in 368 hospitals. As for genes, the top five were the cytochrome P450 (CYP) 2C19 gene, 5,10-methylenetetrahydrofolate reductase (MTHFR), Aldehyde dehydrogenase 2 (ALDH2), CYP2C9 and Vitamin K epoxide reductase complex subunit 1 (VKORC1).
[image: Figure 4]FIGURE 4 | The percentage of drugs and genes performed PGx testing.
3.3 Status of pharmacist-managed clinic
3.3.1 Hospitals with PMC
A total of 4 638 hospitals were included in this index, among these, 465 (10.03%) hospitals set up PMC. From Table 2 we can see that the proportion of hospitals with PMC varied by grade and ownership.
3.3.2 Types of PMC
We excluded five hospitals that did not fill in this index. Among 460 hospitals, 85 (18.48%) hospitals had collaborative PMC, 276 (60.00%) had independent PMC, including 99 (21.52%) specialized and 177 (38.48%) general clinics. Besides, 99 (21.52%) hospitals had more than one type of PMC. When these hospitals were stratified by grade and ownership, we found that in all kinds of hospitals, general PMC accounted for the largest share (Figure 5).
[image: Figure 5]FIGURE 5 | The proportion of different kinds of PMC in hospitals.
3.3.3 Charge
In this index, all hospitals provided valid data. Of 465 hospitals with PMC, only 98 (21.08%) were charged. PMC in six tertiary private hospitals were all free of charge. And the proportions of charging PMC in tertiary public hospitals, secondary public hospitals and secondary private hospitals were 27.27%, 5.41% and 11.11%, respectively.
4 DISCUSSION
Our study intends to investigate the state of individualized pharmaceutical care in China, find out any unsolved issues, and offer solutions for its further advancement. We found that the implementation rate of TDM, PGx and PMC is relatively low (12.83%, 9.48% and 10.03%, respectively). The responsible departments of TDM and PGx testing among hospitals are not unified yet, and the clinical laboratory and pharmacy department were the major responsible departments. About 70% of hospitals conducted EQC for TDM, and the proportion is similar for PGx testing. TDM services for valproate sodium, digoxin, carbamazepine, vancomycin, and cyclosporine were offered by more than 50% of hospitals. Clopidogrel and warfarin were the top two drugs that performed PGx testing. Approximately 80% of PMC services were free of charge. Based on the results of this survey, we discussed the proportion of hospitals with individualized pharmaceutical care, responsible departments, the conduction of quality control, specific implementing projects for TDM/PGx and the development of PMC in turn.
4.1 The proportion of hospitals with individualized pharmaceutical care
Our survey provides fresh reference regarding the current situation of individualized pharmaceutical care all over China. In general, tertiary hospitals had higher proportions of hospitals with TDM, PGx testing, or PMC services than secondary hospitals, and public hospitals had higher proportions than private hospitals, reflecting the unbalanced development situation among hospitals. Besides, there is still a big gap between China and the United States in the implementation of TDM. According to the American Society of Health-System Pharmacists (ASHP) national survey findings in 2015, 70.6% of hospitals used TDM to routinely monitor patients for adverse events (Pedersen et al., 2016), which was around two-fold the rate in our tertiary public hospitals (35.28%). However, it is noteworthy that multiple metrics from different dimensions need to be measured to comprehensively assess the advance of individualized pharmaceutical care, including the implementing rate of TDM, PGx or PMC, the conduction of quality control, the number of drugs performed TDM or PGx, patient satisfaction, and so on. It cannot be inferred merely from the implementing rate of TDM. Quantitative methods are needed to evaluate the quality of pharmaceutical care more scientifically and roundly.
Interestingly, we discovered that the proportions of hospitals with TDM were even lower than the proportions from older studies in China. A study conducted by Chen et al., in 2013 reported that 89.89% (80/89) hospitals had provided TDM service (Chen et al., 2015), and another survey conducted by Zhang et al., in 2019 showed that 75.86% (22/29) hospitals offered TDM service (Zhang C. et al., 2021), which was much higher than our results in 2019. We speculated that the excessively high rates in these studies were mainly caused by the inclusion of unrepresentative hospitals. Chen et al. selected 89 public hospitals as objects, and Zhang et al. only included 29 tertiary public hospitals in northern China. Moreover, results can also be influenced by the attitude of staff filling out the questionnaire. The data Chen et al. used were submitted by hospitals to evaluate key specialty departments, thus data providers were more likely to show their situation in an overly flattering light. On the contrary, our survey was carried out for the aim of pharmaceutical quality control and had nothing to do with the hospital evaluation.
As a whole, our results indicated that the popularization of TDM, PGx and PMC in China is at a relatively low level. However, in recent years, the Chinese authorities strongly support the implementation of pharmaceutical care. In 2018, the National Health Commission (NHC) and the National Administration of Traditional Chinese Medicine promulgated Opinions on accelerating the high-quality development of pharmaceutical care, emphasizing the importance of pharmaceutical care for people’s health (National Health Commission, 2018). Two transformations for the mode of pharmaceutical care are proposed: shifts from “drug-centric” to “patient-centric”; and from “focusing on ensuring drug supply” to “focusing on providing professional pharmaceutical services and participating in clinical practice of drug use on the premise of ensuring drug supply”. To further promote and standardize pharmaceutical care, the NHC has formulated service specifications for pharmacist-managed clinics, drug use education and pharmaceutical monitoring service in medical institutions in 2021 (National Health Commission, 2021). These documents all reflect that the Chinese authorities have attached great importance to pharmaceutical care. On account of lacking longitudinal data about TDM, PGx and PMC, it was impossible to analyze the impact of policies on the implementation of individualized pharmaceutical care. We will pay close attention to its development tendency and discuss it in the follow-up research.
4.2 The situation of responsible departments of TDM and PGx testing
Our results showed that the responsible departments for TDM and PGx varied greatly among Chinese hospitals. The responsible departments are largely concentrated in the pharmacy department, clinical laboratory and multi-department. The different educational backgrounds among these departments contribute to the discrepancy in clinical practice. Practitioners in the clinical laboratories tend to stress the operation standards and internal or external quality control, while pharmacists are more likely to focus on pharmacokinetics and the adjustment of drug regimens according to the interpretation of testing results. The diversity of responsible departments inevitably increases the difficulty of standardization and conducting quality control for clinical practice.
The responsible departments need to be standardized urgently. In China, guidelines for the management of TDM practice have not yet been published. Only the Expert Consensus on the Standards of Therapeutic Drug Monitoring was published in 2019 (Zhang et al., 2019), putting forward that the qualification certification for TDM professionals ought to be conducted, but the detailed information about responsible departments was not mentioned. Given that TDM is a multidisciplinary field, one possible strategy is that different departments specialized in different fields took corresponding responsibilities in TDM procedure. Physicians could submit test requests in clinical practice; sample collection and concentration determination could be conducted by professionals in clinical laboratories; clinical pharmacists could be responsible for data processing and interpretation of results for patients. Through the collaboration of multiple departments and a clear division of responsibility, the management of clinical practice will be standardized and the working efficiency will be improved.
The situation of PGx testing was similar to TDM. Four published guidelines concerning the management of PGx testing only stressed the importance and necessity of PGx-staff qualification certification, the detailed information for responsible departments was also omited (National Health and Family Planning Commission, 2015). Fortunately, many pilot hospitals where PGx testing has been successfully implemented provide us with good models to learn from. For example, the Mayo Clinic had implemented the Nine-gene pharmacogenomics profile service, which was a pre-emptive PGx testing process. It established a care model including the Center for Individualized Medicine and pharmacy operations teams, clinical decision support team, Personalized Genomics Laboratory and OneOme (a commercial vendor) that provided reports of PGx results (Matey et al., 2022) (Figure 6). In China, Beijing Chaoyang hospital also conducted PGx testing in the charge of clinical pharmacists and pharmacogenetic technicians. They all show that the clinical practice of PGx testing usually involves multiple departments and institutions.
[image: Figure 6]FIGURE 6 | The process and involved departments of PGx Testing in the Mayo Clinic.
Additionally, although TDM and PGx testing in most of hospitals are multi-sectoral participation, a backbone is still needed. Given that clinical pharmacists work on the front line with patients and have a solid foundation of pharmacy knowledge, they are theoretically well-suited to promote the application of both TDM and PGx testing in clinical practice. It is suggested that the clinical pharmacy department should play a leading role in these related departments and coordinate the clinical implementation of TDM and PGx testing on the whole.
However, most of clinical pharmacists today are unable to interpret the TDM and PGx testing results professionally, especially for PGx testing. Zhang et al. reported that the majority of pharmacists in the First Affiliated Hospital of Zhengzhou University had no or little knowledge about the PGx because of the absence of PGx education in their major during the master or doctor school year (Zhang J. et al., 2021). Hu et al. also reported that approximately 60% of pharmacists believed they had poor or fair capacity to offer PGx testing and related services (Hu et al., 2022). In Japan, only 12.4% of pharmacists had received specific PGx-related education (Tsuji et al., 2021). Therefore, the educational system should be established as soon as possible. Post-graduate opportunities, such as easily accessing continuing education courses and Graduate certifications or Master’s Programs could be provided for pharmacists; colleges of pharmacy may offer courses focused on TDM and PGx in their curriculum as part of pharmacology curricula or as an elective course for students (Kisor et al., 2018; Marcinak et al., 2018; Mayo Clinic, 2019; University of Florida Health, 2022).
4.3 The conduction of quality control for TDM and PGx testing
Conducting quality control is important to ensure the reliability of the TDM and PGx testing results in hospital laboratories, which is the prerequisite for guiding patients to use drugs rationally. EQC plays a significant role in the quality control system. Its primary goal is to determine whether testing systematic mistakes exist in laboratories’ clinical practice and identify the sources of errors so as to enhance the reliability of testing findings and advance laboratory analysis technology. In our survey, the proportions of hospitals conducting EQC for TDM and PGx were comparable to each other (69.24% and 70.23%, respectively). There is also obtained information regarding quality control or quality assessment in other countries. In South Korea, 20%–29% of respondents did not participate in proficiency testing for EQC in 2018 (Choi et al., 2019), which was roughly the same percentage as in Chinese hospitals. Similarly, in Malaysia, 77.4% of hospitals reported having quality assurance programs for TDM in their hospitals (such as international quality assessment programs, and the hospital’s internal quality assessment programs) (Ab Rahman et al., 2013).
In the United States, to guarantee the reliability of testing results, laboratories performing PGx testing are subject to federal regulatory standards through College of American Pathologists accreditation and Clinical Laboratory Improvement Amendment certification or stricter state requirements (Vo et al., 2017). In China, EQA is routinely organized by pharmaceutical quality control institutions, clinical laboratory centers or other pharmaceutical societies approved by national/provincial/municipal health commissions (Division of Therapeutic Drug Monitoring et al., 2021). In general, the National Center for Clinical Laboratories organizes quality control of clinical laboratories nationwide, mainly for large medical institutions (National Center for Clinical Laboratories, 2022), while the provincial clinical laboratory centers are responsible for quality control of local clinical laboratories, primarily in regional, city, county or some township medical institutions (Wenxiang, 2013). Typically, quality control institutions will specify a catalogue of projects that they are qualified for conducting EQA, and laboratories can choose from the catalogue according to the projects conducted in their own laboratories (National Center for clinical Laboratories et al., 2013). However, in certain situations, projects implemented in laboratories are not all included in the catalogue. That is to say, the diversity of testing projects and methods is one of the reasons that hinders the conduction of EQC for TDM and PGx testing. It is recommended that quality control institutions build connections with corresponding laboratories, collect up-to-date testing projects from subordinate laboratories regularly, and then develop standard operation procedures (SOP) accordingly. For testing projects that have no SOP of EQA currently, other laboratories conducting the same or related projects could be references.
Our survey collected information about the conduction of EQC for TDM and PGx testing, which can reflect the testing abilities of laboratories but cannot point out the testing stability (or precision) for a specific testing project in clinical practice. Only through conducting internal quality control can we discover and remedy existing problems in time to ensure the consistency of testing results for patients. In addition, other processes such as sample collection, transportation and reporting of test results all require quality control. Further investigations about quality control remain to be conducted.
4.4 Analysis for implementing projects of TDM and PGx testing
In general, the drugs performed TDM and PGx testing in our survey were consistent with other contemporary small-scale studies in China (Zhang C. et al., 2021; Zhang J. et al., 2021). The results indicated that over 50% of hospitals performed TDM for valproate sodium, digoxin, carbamazepine, vancomycin and cyclosporine. Of note, most of these drugs have narrow therapeutic ranges and high intra- and inter-individual variability (Patsalos et al., 2018; He et al., 2020; Deprez and Stove, 2021; Ballotari et al., 2022). In these scenarios, TDM is useful to adjust medication dosages of treatments to maximize clinical effectiveness and decrease their toxicity. Situations that require TDM to guide medication are summarized in Table 4 (Muller et al., 2018; Alrabiah et al., 2021).
TABLE 4 | Scenarios that require TDM.
[image: Table 4]Yan Liu et al. reviewed published research for TDM over the past 30 years and summarized that the hotspots of TDM drugs in the last 5 years were vancomycin and medications related to inflammatory bowel disease (IBD) (Liu et al., 2022). In China, there has been a clinical practice guideline on vancomycin TDM since 2015, updated in 2020 (He et al., 2020), which has greatly promoted vancomycin TDM implementation. The proportion of hospitals implementing TDM for vancomycin is also higher (58.33%) than for many other drugs. For IBD therapy, monoclonal antibodies against tumor necrosis factor such as infliximab, adalimumab, certolizumab pegol and golimumab have all been approved worldwide for the treatment of moderate-to-severe active Crohn’s disease and/or ulcerative colitis (Argollo et al., 2020). Reactive TDM and proactive TDM have been proven as useful tools for optimizing biologic therapy, specifically anti-TNF therapy (Papamichael et al., 2019; Sparrow et al., 2020; Syed et al., 2020). While our data showed that no hospital conducted TDM for adalimumab, and only one hospital performed Infliximab TDM (data not shown). Furthermore, as the incidence of antimicrobial resistance has increased globally and the “average” human host has changed as well, except for antibiotics with narrow therapeutic windows such as vancomycin and aminoglycosides, TDM of beta-lactam antibiotics is also becoming necessary, especially for patients in ICU (Muller et al., 2018). While our results showed that only eight hospitals performed TDM of beta-lactam antibiotics (data not shown).
Overall, the clinical practice of TDM in China lagged behind the frontiers of TDM research in some fields. Confronted with this situation, staff in the responsible departments such as clinical pharmacists could form keeping-up groups. In this way, pharmacists track the cutting-edge TDM research, conduct promotion and education on drugs with the latest high-quality evidence-based research or published consortium guidelines that support conducting TDM. Furthermore, the standardized procedures of TDM and internal/external quality control for new projects should also be formulated in time to ensure the feasibility in clinical practice.
PharmGKB is a comprehensive resource that gathers knowledge about the impact of genetic variation on drug response for clinicians and researchers (PharmGKB, 2022a). According to PGx-based drug dosing guidelines annotates by the website, PGx testing at present could guide the clinical application of hundreds of drugs encompassing anticoagulant, anti-tumor, antiviral, anti-inflammatory, analgesic, anesthetic, anti-ulcer, anti-depression, anti-asthma and so on.
Based on the results of our survey and the information on Drug Label Annotations from PharmGKB (PharmGKB, 2022b), we matched the drugs conducted PGx testing with corresponding genes in Table 5. Clopidogrel and warfarin performed PGx testing in more than half of Chinese hospitals with PGx testing in our survey. Being an oral antiplatelet prodrug, clopidogrel is metabolized by CYP2C19 gene into the active form. CYP2C19 gene variants are known to be associated with increased or decreased response to clopidogrel (Wang et al., 2016). It has been demonstrated that patients with CYP2C19 loss-of-function alleles have a higher risk of major adverse cardiovascular outcomes when treated with clopidogrel (Mega et al., 2010). Warfarin is a classic oral anticoagulant with a narrow therapeutic window and large inter-patient variability. About 53%–54% of dose variance of warfarin could be explained by taking into consideration both VKORC1 and CYP2C9 genetic polymorphisms (Gage et al., 2008). The guidelines published by the Clinical Pharmacogenetics Implementation Consortium (CPIC), the Canadian Pharmacogenomics Network for Drug Safety (CPNDS) and the Chinese Society of Cardiology all recommended that gene polymorphism testing of CYP2C9 and VKORC1 is beneficial to optimize the dosage regimen of Warfarin (Sun, 2013; Shaw et al., 2015; Johnson et al., 2017). PGx testing of clopidogrel and warfarin prior to initiating treatment is widely accepted and the clinical significance is generally recognized by clinicians.
TABLE 5 | Drugs and corresponding Genes in PharmGKB.
[image: Table 5]As compared with clopidogrel and warfarin, the conducting rate of PGx testing of other drugs in hospitals with PGx testing was relatively low, for instance, carbamazepine and allopurinol were both performed PGx testing in less than 20% of hospitals with PGx testing. However, it is necessary for patients to perform a PGx testing before using these drugs, for the severe adverse reactions maculopapular exanthem, Stevens-Johnson syndrome and toxic epidermal necrolysis are all related to Human leukocyte antigen B (HLA-B) genotype polymorphism (Saito et al., 2016; Phillips et al., 2018). One of the reasons limited PGx testing implementation of these drugs is the lack of approved reagent kits. On account of the user-friendliness and lower requirement for hardware environment when using PGx testing reagent kits, the number of approved kits could directly exert an impact on drugs tested. On the website of National Center for Clinical Laboratories and the National Medical Products Administration (National Medical Products Administration, 2022), the approved kits of clopidogrel and warfarin were 15 and seven respectively in 2019, which could meet the demand for clinical PGx testing well. On the contrary, only three kits were approved for PGx testing of the HLA-B gene.
Based on our results, recently, few PGx testing projects have successfully transformed from basic medical research into clinical practice. The latency of clinical implementation was contributed by many factors: the paucity of sufficiently powered trials that can quantify the added value of PGx testing in the real world (Lauschke and Ingelman-Sundberg, 2020); the negative attitude of physicians and the insufficient awareness of patients towards PGx (Guo et al., 2021); lack of approved reagent kits and equipment for conducting PGx testing; the shortage of qualified personnel (Owusu Obeng et al., 2018; Zhang J. et al., 2021; Tsuji et al., 2021); the high cost and unsound reimbursement policies, and so on. To promote the integration of basic research and clinical practice of PGx testing, it is significant to build good cooperation among the pharmaceutical industry, scientific research system and health system. The formulation of national policies and the innovation of testing technologies are also indispensable for the development of PGx transformation.
However, the utility of PGx testing in clinical practice should be viewed rationally and objectively. PGx testing results alone cannot determine medication regimens, even if the project is at a high level of evidence. For example, the TAILOR-PCI randomized clinical trial compared the genotype-guided selection of an oral P2Y12 inhibitor with conventional clopidogrel therapy without point-of-care genotyping, resulting in no statistically significant difference in a composite endpoint of cardiovascular death (Pereira et al., 2020). Clinicians and pharmacists still need to combine individual pathophysiological status and other clinical indications to achieve precise medication.
4.5 The situation of PMC development in hospitals
As mentioned previously, the proportion of hospitals with PMC services in China was not satisfactory enough, and the development in different kinds of hospitals was unbalanced. Recently, the NHC has provided development proposals and created a promising environment to support the development of PMC in China. It is suggested that the implementation of PMC will be included in the evaluation index for hospital grade in the future.
The major types of PMC in China include independent PMC (specialized/general) and collaborative PMC. Our results showed that general PMC accounted for the largest proportion in all kinds of hospitals with PMC. Specialty PMCs include medication management for pregnancy/lactation, anticoagulant/antithrombotic, chronic disease management, pain management and so on, which are more suitable for patients with a single system disease. A general PMC refers to a pharmacist-managed clinic that does not differentiate specialties, being suitable for patients with multi-system diseases. Correspondingly, the requirements for pharmacists are much higher than specialty PMCs. The two types of PMC can complement each other in clinical practice. As for collaborative PMCs, pharmacists usually provide patients with pharmaceutical care together with physicians. This kind of pharmaceutical care might be relatively more easily accepted by patients. However, on account of the high dependence on physicians, only in hospitals with good physician-pharmacist partnerships can it be implemented, which also explains why this type of PMC was not common in our survey. Recently, online medical consultation services have been set up in more and more hospitals, and so does the online pharmaceutical care service. In this way, the timeliness and accessibility of high-quality medical care have been considerably improved, and the turnover can be reduced, which is meaningful during the COVID-19 pandemic (Wu et al., 2020). It was reported that most urological patients (84.7%) had a good acceptance of telemedical consultation (Boehm et al., 2020). Accordingly, it might be a practicable way for hospitals to establish online pharmaceutical care services in clinical practice.
In 2013, it was raised by the International Pharmaceutical Federation that pharmaceutical care without payment is not sustainable. This may lead to an inactive attitude of pharmaceutical practitioners, and the service quality cannot be well guaranteed. However, our survey showed that most PMCs in China were free of charge (only 21.08% were charged) and there is no uniform charge standard across China currently. In Japan, patients need to pay for the pharmacy information provision service and the medication management service, as well as in Korea. Policymakers should learn from these countries and enact the Pharmacist Law as soon as possible to help pharmacists increase enthusiasm for PMC service, which will also help with the translation of patients’ attitude towards PMC and improve the patients’ confidence in pharmacists.
Moreover, PMC is also an important way to bridge the gap between TDM or PGx testing and their clinical implementation. In October 2021, the NHC issued the standards for the pharmacist-managed clinic service in medical institutions, patients who require pharmacists to interpret the results of drug monitoring (e.g., blood drug concentration and PGx testing) are the targeted population for service (National Health Commission, 2021). Therefore, it is highly recommended that related departments integrate PMC, TDM and PGx testing services into an entirety, thereby spurring the development of individual pharmaceutical care.
4.6 Advantages and limitations
Our study for all we know is the first nationwide survey on individualized pharmaceutical care in China. That is, the biggest advantage of our survey is its large size, being able to represent the overall situation of individualized pharmaceutical care in China. And the quality of our data was well guaranteed by the support of the National Institute of Hospital Administration. Because our survey was conducted for pharmaceutical quality control and did not involve hospital-grade evaluation, the objectivity of the data was well guaranteed. And the items set in the e-questionnaire were mostly choice questions, which was also beneficial for improving the response rate and data reliability. It can be seen that the response rate is excellent. Furthermore, given that PMC is an indispensable part of individualized pharmaceutical care as well, it is quite meaningful to raise the awareness of PMC among medical practitioners. Our survey not only gathered data about TDM and PGx but paid attention to the status of PMC as well, which will be useful for policymakers to formulate strategies to promote further development of PMC.
There are also some limitations to our study. As mentioned above, a few hospitals filled the index of drugs and genes tested for PGx with diseases or irrelevant information, making it impossible to make sure whether a specific drug performed PGx testing in these hospitals or not. After careful consideration, we think that it was mainly because Part 2, question eight of the questionnaire (Supplementary material S2) was not clarified, contributing to some people’s misunderstanding concerning “PGx tests”. The fill-in-blank form with the indeterminate filling format is also one of the reasons leading to this problem. To cope with this situation, we excluded the non-standard data and outliers, ensuring the reliability and accuracy of our analyses as far as possible. Additionally, our test results were similar to concurrent studies in northern China (Zhang C. et al., 2021), so we conclude that there was no big influence on our test results. The National Institute of Hospital Administration should compile all test items based on the results of this survey and all reagent kits approved by the National Health Commission, match genes to drugs, present these questions as multiple choices when designing follow-up questionnaires.
In addition, our evaluation indexes were relatively not detailed enough. It was mainly because the scale of our study was too large to make a further survey on the premise of ensuring data accuracy and reliability. Furthermore, our study was a cross-sectional one and was the first study of this nature in China, so it was inevitable that actual patients’ longitudinal outcomes about TDM or PGx were unavailable. However, the National Institute of Hospital Administration will conduct regular research on individualized pharmaceutical care in the future. In this way, the prospective longitudinal data will be available and the trend of this field can be analyzed and discussed.
More studies focused on one field in individualized pharmaceutical care should be conducted for in-depth research. For example, researchers can also collect data such as the analytical methods and the implementation way for TDM service and PGx testing. As for PMC, further studies can be launched about the types of specialty PMC, the content of pharmaceutical care, education background and the degree of patient satisfaction, etc. Besides, more attention should be paid to the practice of addressing difficulties in the development of individualized pharmaceutical care. That is, sharing the practical experience of pilot hospitals with others should be encouraged and the construction of a curriculum system for cultivating professional pharmacists ought to be accelerated.
5 CONCLUSION
Overall, the development of individualized pharmaceutical care in China is still in the early stage. The implementation rate of TDM, PGx and PMC is relatively low, uniform clinical standards are deficient, the proportion of hospitals conducting EQC needs to be further improved, and the clinical practice in some fields lagged behind the cutting-edge research. Many different sectors and activities have to coalesce to promote the implementation and adoption of individualized pharmaceutical care, including the appropriate education, coverage, reimbursement policies, high-quality evidence, data systems, health system processes and health policies. To establish a completed and sophisticated individualized pharmaceutical care system, there is still a long way to go.
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